Cellulose monoacetate/Nafion (CMA/N) hybrid nanofibers were produced via a one-step electrospinning method. Nanofibers morphologies transformed from uniform to bead on a string defect morphology with increasing Nafion ratio in CMA/N hybrid nanofibers. The melting point of CMA was detectable at DSC measurement, but since the addition of Nafion did not allow a proper crystallization of CMA, melting peak disappeared after the Nafion addition. Decomposition temperature decreased dramatically with the addition of Nafion into CMA/N nanofibers and decomposition took place at a broad temperature range. Nanofibers were also electrospun on the cylindrical graphite electrode for DNA electrochemical sensor analysis. Unmodified and NHmodified single strand DNA molecules were immobilized via physical adsorption method on the asprepared nanofiber sensory system. Electrochemical analysis were performed via differential pulse voltammetry (DPV) to observe the guanine oxidation signal at unmodified and NH-modified DNA. Maximum oxidation signals were detected from pure CMA nanofibers at unmodified DNA. Signal intensity increased with the addition of Nafion into CMA/N nanofibers at NH-modified DNA sample comparing to unmodified DNA. It was concluded that DNA molecules could be properly immobilized on the produced CMA/N hybrid nanofibers via physical adsorption method and used as electrochemical DNA biosensor.
INTRODUCTION
Nanofibers are promising structured materials which have very broad application areas including bio-separation, filtration, wound healing, energy production and storage [1] [2] [3] [4] [5] . Their high surface area to volume ratio makes nanofibers preferable materials to use in the devices to enhance the device performance. For example, a high surface area of gold nanofiber electrode as fructose base biosensor was prepared by electroless deposition of gold nanoparticles on an electrospun poly(acrylonitrile)chloroauric acid tetrahydrate [6] . Electrospun poly(vinyl alcohol)/glucose oxidase composite nanofiber membranes were produced as enzymatic electrodes for biosensors by Ren et al. [7] . Titanium dioxide and zinc magnesium oxide ceramic nanofibers were prepared with enhanced optical properties via sol-gel electrospinning method [8, 9] .
Cellulose is a biopolymer which can be obtained or extracted from algae, plants and even bacteria [10] [11] [12] . Because of its biocompatible and environmentally friendly nature [13] , it has been used in a variety of different areas including fibers for textile products [14] , in vivo biomedical applications [15] , etc. It is inexpensive and readly availablity including its environmetally and biocompatible properties makes cellulose a promising candidate to use in biosensor applicaitons. Cellulose and cellulose derivatives are produced in micro and nanostructured fibers forms for different applications [16, 17] . Electrospun cellulose acetate nanofiber by loading vitamins as transdermal and dermal therapeutic agents of vitamin A acid and vitamin E were prepared and studied by Taepaiboon et al. [18] . Ultrafine cellulose nanofiber membranes were produced via electrospinning of cellulose acetate and the following deacetylation process [16] . Electrospinning of cellulose derivatives including cellulose acetate, hydroxypropyl cellulose, hydroxypropyl methyl cellulose, and ethylcyanoethyl cellulose was reviewed by Frey [19] .
Nafion nanofibers have been fabricated via electrospinning technology by blending with other polymers. Nafion/ polyacrylonitrile blend nanofibers as the precursor of porous carbon nanofibers were prepared by Tran and Kalra [20] . Nafion/poly(ethylene oxide) composite nanofibers with an excellent shape memory properties were prepared via solution electrospinning method [21] . In another study, Dong et al. reported the preparation of Nafion/poly (ethylene oxide) nanofibers (with high Nafion contents) with high proton conductivity that is higher than the bulk Nafion film. They reported that proton conductivity increases by decreasing nanofiber diameter [22] . Polyvinyl alcohol nanofiber reinforced Nafion membranes with good mechanical and thermal properties were produced for fuel cell applications [23] . Nafion/polyvinyl alcohol composite nanofiber structures with high mechanical properties were produced by electrospinning as a functional adsorbent for heavy metals [24] .
Electrochemical DNA biosensors have been used as the devices to monitor DNA damage and repair [25, 26] and base oxidation on a DNA molecules [27] . So, there are different applications of DNA biosensors such as clinical diagnosis [28] , genetically modified organisms detection in foods [29] , forensic analysis, environmental monitoring [30] , etc. Nafion has been used with other materials to construct DNA biosensors. DNA damage was detected via electrochemical method by using a hemin/Nafiongraphene/glassy carbon electrode hybrid system [31] . Graphene-ionic liquid-Nafion modified pyrolytic graphite electrode (PGE) was used for the direct detection of DNA damage by electrochemical impedance spectroscopy [32] . Graphene-Nafion composite film was produced and used for a sensitive impedimetric DNA biosensor for the determination of the human immunodeficiency virus gene [33] . A DNA-based biosensor was prepared with Nafion and chitosan membrane to investigate antioxidant properties of beverages (beer, coffee, and black tea) by observing DNA degradation under in vitro conditions [34] .
In this study, the preparation of Cellulose monoacetate/ Nafion (CMA/N) and their use as electrochemical DNA biosensor have been investigated. Use of the Nafion based nanofibers for electrochemical DNA biosensor applications haven't been reported yet in the literature. In this regards, the polymer blend of CMA and Nafion with the different ratio up to considering a maximum content of Nafion in hybrid nanofibers until obtaining homogeneous solutions were prepared and electrospun into nanofiber structures. Morphologies of as-spun CMA/N hybrid nanofibers were observed by SEM, and chemical analyses of nanofibers were conducted with FTIR spectroscopy. Thermal characterizations of CMA/N hybrid nanofibers were carried out with DSC and TGA methods. In the literature it was pointed out that Guanine in a DNA molecule oxidizes more than other bases in an appropriate condition [27] . So, electrochemical sensing properties of nanofibers were investigated by focusing on the guanine oxidation signal in adsorbed DNA molecules on CMA/N hybrid nanofiber surfaces."
MATERIAL AND METHOD

Chemicals for CMA/N Electrospinning Solutions
Cellulose monoacetate powder (Mn~30.000, CMA, Sigma Aldrich) and ~5wt. % of Nafion in a mixture of lower aliphatic alcohols and water solution were used for electrospinning. Electrospun polymer solutions were prepared in acetone (99% purity) and all chemicals were used as received without further purifications.
Electrospinning of Cellulose Monoacetate/Nafion (CMA/N) Hybrid Nanofibers
15 wt. % CMA was appropriately dissolved in acetone. Then, previously received Nafion solution was added into the CMA/acetone solution with the CMA/Nafion volume (solutions) ratio are 4/0, 4/1, 4/2, and 4/3. Mix solutions were magnetically stirred until obtaining a proper homogeneous solution. The prepared solutions were electrospun into the nanofibrous structure by applying 20 kV voltage to the solution. CMA/N solutions were fed with a micropump system via a plastic syringe which has a metal needled set in front of the nanofiber collector system with a distance of ~10 cm Flow rate was 1 ml/hr. Schematic illustration of the electrospinning process is shown in Figure 1 . Because of the applied voltage, the solution droplet just left the needle was ejected from needle to collector. Solvents were evaporated till reaching to the collector and the mixed polymers were collected as the nanofiber forms on the collector. In order to collect nanofibers on the cylindrical graphite electrode, the PGE was attached in front of a rotating apparatus and hold between the tip of the needle and the collector. Consequently, the rotating PGEs were directly coated by these electrospun nanofibers simultaneously during the electrospinning process. 
Characterization of Nanofibers
The morphological characterizations of CMA/N nanofibers both on cylindrical graphite and plain surface were carried out with a scanning electron microscopy, SEM (ZEISS EVO 40). 15-20 kV acceleration voltages were applied during the measurements. Before SEM analysis, samples were coated with gold-palladium with around 100 o A thickness. Chemical analyses of as-spun CMA/N hybrid nanofibers were performed with an attenuated total reflection Fourier transform infrared spectra (ATR-FTIR, Thermo Nicolet İS50). ATR-FTIR measurements were conducted between the wavenumber ranges of 4000 to 400 cm −1 . Thermal analyses of nanofibers were carried out via differential scanning calorimetry (DSC) and Thermogravimetric analysis (TGA) measurements. DSC measurements were conducted from 25 to 250 o C with a heating rate of 10 o C/min under the nitrogen atmosphere in a measurement pan and TGA measurements were conducted from 50 to 800 o C (heating rate of 10 o C min −1 ) in a nitrogen gas atmosphere.
Probe Immobilization and Electrochemical Analysis
Two different as unmodified and NH-modified single strand DNA probes were immobilized on CMA/N hybrid nanofibers coated cylindrical graphite electrodes, and electrochemical measurements were conducted via investigating the voltammograms of the guanine oxidation signals of probe immobilized surfaces ( Figure 2 ). Oligonucleotide probe immobilizaiton solutions were prepared at laboratory condition in TBS (pH 7.0) containing 20 μM NaCl and 10 μg/ml prob. Nanofiber coated PGEs were kept 20 min in this solution to properly immobilized ssDNA on the nanofiber surfaces.
Nucleotide sequences of unmodified DNA's are ssDNA: 5'-GAA CAC GTG TAT GTT GAG-3' (ALPHA DNA (Canada)), and NH-modified DNA's are ssDNA: 5'-/ 5
Am/GAA CAC GTG ATA GAA GAG-3' (Sentegen (Ankara, Turkey)). Electrochemical characterizations were carried out in laboratory condition. Probe immobilization solutions of oligonucleotides of samples were prepared as in the published study [35] . Both unmodified and NHmodified ssDNA samples were immobilized on CMA/N coated pencil graphite electrodes (PGEs, (Tombo HB model 0.5 mm)) [36, 37] . All the samples were washed with TBS to remove mobile ssDNA molecules. Electrochemical analyses were performed via Differential Pulse Voltammetry (DPV) measurements by using PGSTAT204 digital potentiostat/galvanostat using NOVA software package (Eco Chemie). Probe immobilized CMA/N hybrid nanofibers were used as the working electrode. The reference electrode was Ag/AgCl and auxiliary electrodes was a platinum wire for the measurements. 1 cm of the probe immobilized part was immersed in ABS solution and electrochemical measurements were performed. During the electrochemical measurement, the oxidation signal of guanine was observed at about +1,0 V.
RESULTS AND DISCUSSION
Electrospun CMA/N hybrid nanofibers were produced from different CMA/Nafion solutions volume ratio. Transparent homogeneous solutions were obtained up to 4/3 ratio. Increasing Nafion solution ratio leads to inhomogeneous solution property and solution became blurry after 4/4 CMA/Nafion solution ratio ( Figure 3A ). Even blurry solutions were obtained at 4/4, the solution was not electrospun into nanofiber structure at this ratio and further increasing Nafion content in the solution. Uniform hybrid CMA/N nanofibers were collected on the cylindrical graphite electrode surfaces on a regular basis ( Figure 3B and 3C ). 
Morphology
Nanofibers were also collected on a plain aluminum surface to better investigate the effect of CMA/ratio on the nanofiber morphologies. Low magnification SEM images of pure CMA and different ratio of CMA/N hybrid nanofibers are shown in Figure 4 . Pure CMA nanofibers are more uniform ( Figure 4A ), and increasing Nafion ratio in CMA/N hybrid nanofibers, nanofibers uniformity transforms to bead on a string morphological structures and the number of beads increases dramatically with increasing Nafion ratio in CMA/N nanofibers ( Figure 4D ). This might be the effect of inhomogeneous properties of the solution with increasing Nafion solution ratio.
Low and high magnification SEM images of pure CMA and CMA/N hybrid nanofibers in 3D network structures are shown together in Figure 5 to better investigate the effect of polymer ratio on nanofiber uniformities. Irregularity increases tremendously with increasing Nafion ratio, nanoparticulate formations are observed on and among the nanofibers, and ultrafine nanofibers are also seen in the mat. Both ultrafine and bigger nanofibers are observed comparing pure CMA nanofibers. More flattened nanofibers structure at pure CMA, and nanofibers turned to more rounded nanofiber morphologies with the addition of Nafion. Electrospun fiber diameter distribution charts were given in Figure 5 . Majority of fiber diameters are set between 500 nm and 1,5 µm in pure CMA nanofibers. Addition of Nafion into CMA nanofibers causes nonhomogeneous fiber diameter distribution and two different fiber diameter phases and both nano-and micro-fibers are exist in the fibrous mat structure. Increasing the Nafion content in CMA/N hybrid nanofibers the average diameters of both nano-and micro-fibers increased in the nanofibrous mat structure.
As seen from Table 1 , viscosity decreased with nafion addition into CMA/acetone solution. But, increasing nafion ration in the solution leaded to increase of viscosity again. This related to inhomogenious solution property of the solution. As seen from Figure 3 , solutions were transparent at low nafion content and transformed into blurry look with increasing nafion ration. In Figure 5D , existence of thick fibers in the nanofiber mat could be related with this viscosity increase. Occurance of beaded structure in the mat could be related to increase of solution viscosity with the addition and increase of nafion content. Formations of the beaded morphologies in the nanofibrous mat structure could also be related to increase of electrical conductivity of the solution by increasing Nafion ratio. Since there is no dramatic change at the surface tension, it was concidered that there is no significant effect of surface tension on the nanofiber diameter change in this study.
Chemical Analysis via ATR-FTIR
ATR-FTIR investigation of pure CMA dried Nafion, and CMA/N hybrid nanofibers were demonstrated in Figure 6 .
In the pure CMA nanofibers, predominant peaks are located at 1047 and 1234 cm -1 related to (C-O-C), peak at 1379 cm -1 corresponds to (C-CH 3 ), and the peak at 1743 cm -1 can be attributed to (C=O from acetyl groups) [38, 39] . OH stretching band was observed as a broad peak around 3450 cm −1 [40] , and this peak intensity increases and shifted to lower wavenumber by increasing Nafion ratio in CMA/N hybrid nanofibers. Since the amount of HSO 3 group increase with increasing Nafion ratio, and HSO 3 groups hold water molecules, OH stretching also increased with increasing Nafion ratio as a result of absorbed water molecules [41] . Characteristic Nafion peaks were seen at CMA/N hybrid nanofibers. Peaks at 1141 and 1205 cm −1 correspond to the symmetric and asymmetric stretching vibrations modes of -CF 2 [21, 42] . Bending vibration of CF 2 was detected at 632 cm -1 [21] . The peak at 1057 cm −1 is related to the SO 3 H groups and it can be attributed to the stretching vibration of SO 3 [21, 43] . The peaks are seen at 966 and 986 cm −1 may arise from the stretching vibration of C-O-C, respectively [42, 43] . Characteristic peaks come from Nafion were not seen clearly at CMA/N hybrid nanofibers that may be due to mostly CMA molecules exist at the surface of the nanofibers. Figure 6 . ATR-FTIR spectra of CMA/Nafion hybrid nanofibers with differing mixing ratio. 
Thermal Analysis of As-spun NFs with DSC and TGA
Pure CMA nanofibers (Figure 7a ) present a broad peaks around 226 °C, which is associated with the melting temperature of CMA nanofibers [2] . Glass transition of CMA is detected around 197 o C [44] . Even though melting temperature is clearly seen at CMA nanofibers, since it may be Nafion addition does not allow an appropriate crystallization of CMA, melting points for CMA are not detectable at CMA/N hybrid nanofibers. These peaks disappeared with the addition of Nafion to CMA as a result of a proper blend of Nafion and CMA in the electrospinning solution (This can be seen at the transparent solution phase in Figure 3A) . The broad peaks observed around 150, 157 and 161 o C for 4/3, 4/2 and 4/1 CMA/N hybrid nanofiber samples may be associated to thermal energy absorbed to loosen the strong association of the pendant sulfonic acid groups [45] . This peak shifts to higher temperature with increasing CMA content in CMA/N hybrid nanofibers (Figure 7d ).
Thermal stability and weight loss with the temperature of pure CMA and CMA/N hybrid nanofibers in a nitrogen atmosphere are observed by TGA and DTG plots and demonstrated in Figure 8 . Weight loss between 50-100 o C corresponds to the removal of water from the nanofibers.
As it is seen from the TGA plot, comparing pure CMA nanofibers weight loss originated from water removal is higher at CMA/N nanofibers and increase with increasing Nafion ratio since more water molecules are held by CMA/N hybrid nanofibers. Single major weight loss is observed around between 272-398 o C for pure CMA nanofibers that related to removal of volatiles produced from the decomposition of the polymer [46] . Major weight loss is divided into different parts and weight loss temperature fluctuated at CMA/N hybrid nanofibers. Thermal degradation temperature decreases dramatically with the addition of Nafion into CMA nanofibers and decomposition occurs at a broad temperature range.
Residual of the materials after TGA measurements are about 18.05, 20.02 and 20.01 wt. % respectively for 4/0, 4/1 and 4/3 CMA/N hybrid nanofibers. 
a. Electrochemical Biosensor Analysis of As-spun Hybrid NFs
As mentioned that electrochemically guanine oxidation is most detectable than other bases, so guanine oxidation signal is focused in this study [47] . During the electrochemical measurement, oxidation signal of guanine was observed at about +1,0 V by using CMA/N nanofiber electrodes for both neat ssDNA ( Figure 9A ) and NHmodified ( Figure 9B ) ssDNA samples. As it is seen from Figure 9A , signal intensity is maximum ( [35] . DNA molecules were physically adsorbed on the polyacrylonitrile/polyaniline nanofibers and the signal enhancement was related to the conductive nature of polyaniline comparing. So, it was concluded that if there is a strong interaction between the surface of nanofibers and the DNA molecules, the electrochemical signal intensity increases properly.
CONCLUSION
In this study, cellulose monoacetate/Nafion hybrid nanofibers have been fabricated via electrospinning technique on the cylindrical graphite substrates. Increasing the Nafion ratio leads to inhomogeneous solution property and solution transform from transparent to blurry phase. At the same time, nanofibers morphologies transform from uniform structure to bead on a string defect morphology with increasing Nafion ratio in CMA/N hybrid nanofibers. Neat and NH-modified single strand DNA molecules were immobilized on as-prepared nanofiber-PGE systems. Guanine oxidation signal intensity changes were observed regarding CMA and addition of Nafion into CMA/N nanofibers at NH-modified ssDNA. The strong interaction between biosensor surface and ssDNA molecule leads to signal enhancement. The examined CMA/N hybrid nanofibers could be a promising interface for DNA biosensor devices.
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